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Abstract 
In South Africa, there is a scarcity of prescription glasses manufacturers and the majority of 
locally available eyewear frames are imported. A significant portion of this imported eyewear 
comes from a single umbrella organisation, which designs eyewear from a predominantly 
Eurocentric perspective. For example, there are currently only two types of eyewear fit, the 
“regular” fit, based on European facial data, and the “Asian” or “global” fit, which was 
developed in reaction to the inappropriateness of the “regular” fit for this market. In South 
Africa, a country with a significantly diverse population, there is an opportunity for properly 
fitting eyewear that is often not accommodated by either of these fits. Improper fitment causes 
discomfort and leads to blurry vision and long-term vision problems. Fitment is however not 
the only problem with the currently imported frames. The South African eyewear industry is a 
complex system, with both social and technical challenges that often influence the process of 
how someone would go about acquiring prescription glasses. 
This paper explores a design research study that was undertaken to address some of the local 
eyewear complexities through the design of a product, guided by theories of socio-technical 
systems, appropriate technology and human-centred design. The outcome was an adaptable 
eyewear frame that could be produced locally, whilst better considering the needs of glasses 
wearers in the South African context. Following such a design research approach ensures that 
the product outcome is attuned to local needs; such an approach could be beneficial to a wide 
range of localized industries in the Global South. 
 




Generally, humans are acknowledged to have five senses: the ability to hear, smell, taste, touch 
and see (Bradford, 2017). Although one sense is not more important than the other, our eyes 
play a vital role in our daily life and are generally considered as one of our primary senses with 
80-85% of our learning, perception, cognition and activities arbitrated through vision (Ripley 
& Politzer, 2010, p. 215). When someone cannot see well, the answer seems simple: give them 
a pair of glasses. However, the reality that unfolded through our design research study showed 
that, due to systemic complexities, it is not a straightforward process. In South Africa it seems 
that there is a wide range of eyewear frames to choose from, especially in terms of style and 
colour, but the eyewear industry has adopted a relatively standardised product and service and, 
most problematic, this has been developed mainly from a Eurocentric perspective. The majority 
of eyewear frames are designed and made for the needs of the Global North, imported by 
countries such as South Africa, where we find that they are insufficiently meeting the needs of 
the majority of the population. This paper explores how designing for the context in which a 
product will be used, guided by theories of appropriate technology (AT), leads to solutions that 
better meet local needs. 
 
MOTIVATION AND SIGNIFICANCE 
Eyewear is available in various shapes, sizes, colours and styles. With all these options to 
choose from, one would think that finding the ‘perfect’ pair would not be such a difficult task. 
However, the reality is that the choice is not as wide as one may think. In 2018 Luxottica, an 
Italian eyewear company, merged with Essilor, a lens manufacturing company, to create 
EssilorLuxottica. EssilorLuxottica controls a significant portion of the world’s eyewear market 
(BBC, 2018). This means they control the price, the design and the distribution of eyewear, 
and now with the merger, the lenses as well – the whole supply chain, from manufacture to 
end-user (BBC, 2018; Pollock, 2017). Many eyewear needs are not being accommodated by 
such monopolisation of the market. One particularly problematic result of this market 
dominance is that there are only two types of eyewear fits available: “regular fit” and the “Asian 
fit/alternative fit/global fit” (Thau, 2016; Refinery29, 2016). The “regular fit” is what the 
majority of eyewear brands offer; this is a fit modelled mainly on Eurocentric facial features. 
The “Asian fit” was developed in reaction to the inappropriateness of the “regular fit” for the 
Asian market (Phillips, 2013). Recently, there has been an emergence of eyewear brands that 
specialise in custom-fit frame designs (Vision Monday, 2019; HOYA Vision Care, 2018; 
Sfered, 2019), but these frames are not readily available in South Africa. In South Africa, a 
country with such a diverse population, there seemed to be a large gap for properly fitting 
eyewear, but a lack of data to support this assumption. Other studies have shown that there are 
significant facial dimension variations in the African population, who directly import most to 
all of their eyewear frames (Halladay, Thandiwe, Ayerakwah, Dennis, Joshua & George, 
2019). Fit is important since when eyewear does not fit correctly it does not only lead to 
physical pain but also can distort vision and in the long-term that can lead to vision problems 
(Brooks & Borish, 1996, p. 415; Mashima, et al., 2011, p. 228; Eyes of the Marina, 2017). 
Unfortunately, there is no ‘one size fits all’ frame solution and currently glasses have to be 
adjusted to suit an individual’s needs. Very often, these adjustments are a compromise between 
the wearer’s needs and what the frame allows. 
Even though the aesthetics and fitment of eyewear are considered as some of the most 
important factors when choosing a frame, there are other systemic elements, like cost and the 
structure of the eyewear/medical industry in South Africa, that also play a significant role. To 
design and develop the best possible local frame solution, all of these complexities had to be 
part of the design research process. Therefore, the central research question of the study was: 
what are the problems of eyewear currently available in South Africa, and how could eyewear 
be designed to better consider the social and technical complexities of the South African 
context?  
 
THEORETICAL FRAMEWORK   
To answer this research question, an appropriate theoretical framework had to be selected. The 
theory of socio-technical systems acknowledges that the interaction between social and 
technical factors determines the success of the whole system (Valdez & Brauner, 2016:484). 
For this study the socio-technical system referred to the organised system of people and 
technology that is arranged in a way to accomplish a specific task (Valdez & Brauner, 
2016:483); in this case, to improve human sight. The complexity lies in how these elements 
combine to work together or in opposition towards a specific outcome. A socio-technical model 
was proposed by Harold Leavitt (1965) that visualises the interaction between variables within 
an organisational system (Valdez & Brauner, 2016:485; Leonard, Freedman, Lewis & 
Passmore, 2013). Leavitt (1965:1145; Leonard, et al., 2013), identified four key interacting 
variables within his model, these being task, structure, technology and people/actors. An 
adaption to Leavitts’ model divides the interrelation between the variables in two subsystems: 
a technical subsystem and a social subsystem (Valdez & Brauner, 2016:484). 
 
 
The model was adapted to suit this study, in the following ways (Figure 1). The task was 
identified as improving human sight. The people in the study were glasses wearers, as well as 
the people who provide eyewear or play a role in this process. The structure referred to how 
eyewear is acquired, distributed and paid for, where the eyewear comes from, and how the 
price is determined. The technology was the tool to see with (the eyewear itself), as well as the 
design and manufacture thereof. As a designer, the opportunity for the design intervention sits 
in the technology quadrant. However, to arrive at an appropriate technological outcome in the 
South African eyewear socio-technical system, the other three quadrants of the task, 
people/actors and structure needed deep engagement for appropriate outcomes.  
A limitation of socio-technical system innovation is that it can be too “big picture” (Ceschin & 
Gaziulusoy, 2016:141), and so we utilised other approaches to help guide the design process 
towards appropriate outcomes. Leavitt’s model helped to establish the broad complexities that 
had to be researched and considered in the design process, to further orientate the design 
research process, appropriate technology (AT) and human-centred design (HDC) were 
integrated into the study. The technical factors of eyewear design were considered through AT, 
acknowledging the context of product use. The fundamental quality of AT is that the 
“usefulness or value of a technology must be consolidated by the social, cultural, economic 
Figure 1: Adaption of socio-technical system model to suit the social and technical 
complexities of this study 
and political milieu in which it is to be used” (Hazeltine & Bull, 2003:4). To address the social 
factors, the design process was driven by a participatory HCD approach to ensure that the 
specific needs of the people using or interacting with the product were met (Norman, 
2013:219). By addressing the design problem through a framework of socio-technical systems 
theory, AT and HCD we considered both the social and technical factors in a more holistic 




Although there are various models of HCD (Norman, 2013:221; British Design Council, 2005; 
IDEO, 2012; IDEO, 2015b; Tschimmel, 2012), The Human Centered Design Toolkit by IDEO 
(2012) was used as a model to undertake this study. IDEO explain that their model allows 
designers to better connect with and serve the people they are designing for (IDEO, 2012:4). It 
also can transform data into “actionable ideas” and identify new solutions better (IDEO, 
2012:4). According to IDEO’s model, “HCD is uniquely situated to arrive at solutions that are 
desirable, feasible and viable” (IDEO, 2015a:14). This model of innovation starts with 
identifying what people desire, want or need (desirability), thereafter a process of investigation 
starts in terms of what is technically and organisationally possible (feasibility), as well as 
financially viable (viability) (IDEO, 2012:6). IDEO’s (2012:8) model outlines three main 
phases of the HCD process that help to achieve innovative outcomes: Hear, Create and Deliver.  
 
HEAR1 
The Hear phase aimed to investigate the problems of eyewear currently available in South 
Africa and to determine if current eyewear is meeting the needs of glasses wearers in our 
country. As per socio-technical systems theory, the variables of task, people/actors, structure 
and technology were used as the main areas of research. Information was gathered through 
desktop research (Milton & Rogers, 2013:51), in books and journals. Interestingly, the 
information gathered was mostly from grey literature since there is a lack of credible literature 
and data relating to eyewear, its design and the eyewear industry itself – especially in the South 
African context. Additionally, semi-structured interviews (Milton & Rogers, 2013:72), were 
conducted with four glasses wearers and four experts within the field of optometry and 
eyewear. All information gathered was thematically colour coded to create affinity diagrams 
and mindmaps (Martin & Hanington, 2012:12; p. 118). These were used to develop a design 
strategy that informed the Create phase of the HCD process. 
 
Findings from Hear phase 
The eye care and eyewear industry in South Africa is a complex system, and not all of the 
issues that emerged could be addressed. As Industrial designers, the most obvious solution was 
to design a product, in this case, an eyewear frame to address some of these complexities. We 
found that the social and technical complexities of the system had a large influence on how or 
                                                 
1 This paper provides a brief overview of a one-year Hons project that then expanded into a two-year Master’s in 
Industrial Design at the University of Johannesburg. Should you be interested in reading more about this study 
please refer to Naudé (2020). 
 
  
why people selected their prescription glasses. Specific factors of preference, cost, fitment and 
eye health need significantly influenced the process (Naudé, 2020); and to add to the 
complexity, each of these factors was specific to each eyewear wearer. This meant that the 
frame solution had to be adaptable to accommodate diverse needs and mass-customisation 
(Tseng, et al., 1996; Ferguson, et al., 2014) was identified as a way to achieve this. 
Technologies, such as adaptable manufacturing (Tseng, et al., 1996; Ferguson, et al., 2014), 
and methods of collecting facial anthropometric data to allow for diverse fitment needs, 
required further research and testing in the Create phase. 
 
CREATE 
The main objective of this phase was to practically explore how technology could be used for 
eyewear to be more adaptable to the complex socio-technical system identified in the Hear 
phase. There was clear evidence that the available types of frame fit in South Africa – the global 
fit and alternative/Asian fit – were not suited to the facial structures of the diverse South African 
population. To better understand the extent of this misfit, data on the facial anthropometrics of 
the participant group of glasses wearers was needed. Various technologies were explored and 
3D scanning technology showed promising possibilities (Lee, et al., 2016; Ball, et al., 2010; 
Luximon, et al., 2016). However, through experimentation, it was found that this technology 
is relatively inaccessible and complex to use. In this project, AT was not only a consideration 
for the outcome, but the technological process of getting to it also needed to be readily 
available, accessible and suitable to the project timeline. Therefore, a manual measuring 
method based on the Fairbanks facial measurement gauge (Association of British Dispensing 
Opticians, 2019) was developed. The facial anthropometric data collected from the group of 
glasses wearers was converted into visual facial measurement grids to identify key fitment 
requirements for each of their faces. By using the facial measurement grid as a sizing guideline, 
frame profiles were developed for each glasses wearer. These profiles were made into 
cardboard mock-ups to represent the actual size of the frame design for the wearers to then test 
the size and fitment of the frame. After the feedback was gathered from each glasses wearer on 
the initial frame concepts, refinements were made and a final frame design was developed to 
be tested during the Deliver phase.  
Findings from Create phase 
Our qualitative study used a small sample group of only four glasses wearers, and there was 
little to no similarity between their facial measurements. However, despite the small sample, 
what was clear was a significant mismatch of the participants' facial features with regards to 
‘standard’ fit frames. 
The Fairbanks facial measurement gauge (Figure 2) was originally developed at City 
University in London with the teaching of ophthalmic dispensing in mind (Association of 
British Dispensing Opticians, 2019). The gauge is a single tool that can accurately measure 
Figure 2: Fairbanks facial measurement gauge 
more than 14 facial measurements. It is available to purchase online (Association of British 
Dispensing Opticians, 2019), but is expensive and cannot be shipped to South Africa. 
Therefore, we adapted and simplified the multipurpose tool into a collection of six individual 
measurement tools that were produced by laser-cutting cardboard profiles with measurements 
printed on them.  
From literature describing the use of the Fairbanks facial gauge, it was found that all patients 
in their examples were Caucasian/European (Bates, 2016a; Bates, 2016b; Optometry Today, 
2015; ABDO College, n.d.). When we used it, this was confirmed, with us having to modify 
our tools to accommodate a wider range of facial structures of the glasses wearers who 
participated in the study. These adjustments were made specifically to the tools measuring the 
crest height (B) (Figure 3) and apical radius (C). A further finding was that all the glasses 
wearers had a negative bridge projection (F) ranging from -1mm to -4,5mm. Literature showed 
that the majority of glasses are designed with a positive bridge projection of 2mm (Bates, 
2016b), which meant that when people had a negative bridge projection and wore a frame with 
a positive bridge projection that their eyelashes could touch the lenses (Bates, 2016b). The 
frontal angle (G) and splay angle (H) were measured on both the left and right side of each 
participants’ noses, it was found that most of these measurements differ (Table 1). The fact that 
the participants’ noses were rarely symmetrical, was also an important finding since these 
angles influences how the nose pads or bridge of the frame rests on the nose.  
 
To meet the needs of aesthetic preference, cost and eye health needs, we developed a range of 
frame profile shapes customised to the participants' facial measurements. Instead of developing 
Figure 3: Adaption of Fairbanks facial 
measurement gauge to measure crest 
height 
Table 1: Facial measurement data collected from 
each glasses wearer 
an expensive computer application, we simply used an existing graphics software package and, 
with a photograph of each participant, sat with them in a virtual prototyping session to further 
customise the shape and colour of their frames. The photographs of their faces were taken with 
consideration for focal length, aperture and camera lens to eliminate any distortion, which was 
found to be a useful method of confirming physical measurements in the overlaid 2D frames. 
At this point, we also took the glasses wearers’ existing lens prescriptions so that when the new 
frames were trialled it was with the correct lenses. 
To practically test the accuracy of the facial measurements, the new frame fitment and design, 
cardboard frame mock-ups were made from the participants’ chosen 2D frame. This was a low-
tech, low-cost, quick and tangible solution for the glasses wearers to evaluate the new frame 
design, but at the same time, see the problems with their existing frames. They could readily 
see the significant difference between the frame profiles created according to their 
measurements and those they were wearing at that time. The new frame profiles had wider nose 
profiles and the nose bridges were located lower, showing that the nose pads of their current 
frames were located too high on the rim (Figure 4). Available eyewear frames usually have set 
temple arm lengths (Hellem, 2019). These lengths are measured from the front of the temple 
arm to the end of the temple tip; if too long the glasses slide off one's nose, and if too short 
there is pressure on the top of the ears and the side of the head. Additionally, it causes the 
pantoscopic tilt2 of the glasses to sit incorrectly. From the individual measured data, the front 
to bend measurement (I) was used to create customised temple arms that would accurately fit 
each wearer, ensuring that the temple tip bent down at the correct location behind the ears. It 
was found that the front to bend measurements were unique to each glasses wearer’s ears and 
the practical testing confirmed that the front-to-bend measurement worked well to create 
correctly fitted temple arms. 
                                                 
2 “Pantoscopic tilt is defined as a lens tilt about the horizontal axis, with respect to primary gaze of a subject” 
(Kalikivayi, et al., 2018). 
 
Final frame outcome 
The final frame consisted of five major parts: the frame front, the two temple arms and two 
spring steel clips (Naudé, 2017)3. The frame front and temple arms were made by laser cutting 
profiles out of 0,5mm stainless steel sheets. The reason for this was due to the availability and 
accessibility of both the material and the technology in South Africa (Naudé, 2017). Stainless 
steel was a more cost-effective solution in comparison to other metals such as titanium (Naudé, 
2017). A benefit of the material was that it is corrosion-resistant, hypoallergic, lightweight, 
durable and is relatively malleable (Naudé, 2017), an ideal property for the adjustability 
required in eyewear. Laser cutting is a great batch manufacturing process and designs can easily 
be changed or updated without much difficulty and without adding cost or time to the 
manufacturing process. When the sizes and profiles have to be changed or updated, it can be 
done digitally before the cutting process starts. This is a better alternative to injection moulding, 
where moulds are expensive to change or update. Although 3D printing could be used as a 
mass manufacture technology, it was not pursued in this project because the technology was 
not available during the study, as well as its cost.  
 
The clips on the edge of the frame were designed to be made out of 0,7-0,9 mm spring steel 
wire (Naudé, 2017). They had three functions – to hold the frame together, to keep the lenses 
securely in place and to function as a hinge4. It was found that the most common repair work 
done on eyewear is replacing screws that fall out or break (Naudé, 2017), but the innovative 
                                                 
3 The BA Honours mini-dissertation project was not published to protect the intellectual property of the project. 
The product was provisionally patented in 2017 and filed as a full national patent in 2019. The mini-dissertation 
is however accessible by contacting the authors of this paper.   
4 In partnership with the University of Johannesburg Technology Transfer Office, this innovation has been 
patented: ZA National Patent 2019/01244. 
Figure 4: Comparison between glasses wearers’ cardboard frame profile and 
their current frames 
clip design eliminated this problem. The frame front had slots that were cut into the end pieces, 
allowing the frame to be opened to insert the lenses (Figure 5). 
 
Nose pads were added to the frame design to allow for better adjustability around the nose 
bridge area. To make the frame comfortable on the ears and nose, the temple tips and nose pads 
were designed to be injection moulded silicone parts. Silicone is durable, inexpensive, 
hypoallergic and easy to clean; it also provides flexibility, which is required in the adjustability 
and adaptability of the temple arms as well as the nose pads to the glasses wearer’s facial 
structure (Naudé, 2017). Silicone temple tips and nose pads also have non-slip properties, 
which help to keep the frame from sliding forward (Naudé, 2017). Silicone is also available in 
a wide variety of colours and textures, adding to potential customisations (Naudé, 2017).  
As was explained in the Hear phase, the style of the frame design could easily be adapted to 
the glasses wearer’s preferences through experimentation in the virtual graphics interface, with 
desired modifications made possible through the laser-cutting production method. To 
accommodate the eye health needs of the patient, the frame carefully considered how a wide 
range of lenses could be fitted into the frame. Further to this, to add to the resilience of the 
frame, the design also accommodated the addition of clip-on sunglasses. Across the range of 
customisation options, a range of price brackets was considered. There was a basic range of 
frames at prices that allowed those who desperately needed glasses the opportunity to have 
them, and fully customised frames for those that wanted them. In both cases, the price was 






Figure 5: Technicalities of frame design 
DELIVER 
The main objective of the Deliver phase was to investigate the response of the glasses wearers 
to their final eyewear prototypes. A final prototype (Martin & Hanington, 2012:138) of each 
eyewear frame was custom-made for each glasses wearer participant. The frame included the 
aesthetic elements selected by the wearers through the digital interface and their facial 
measurements refined through the cardboard mock-ups. To allow the participants to fully test 
the efficacy of the frames their lens prescriptions were fitted by an optical technician into the 
prototypes. The silicone nose pads and temple tips were prototyped using 3D printed moulds 
and soft air-drying clay (Amos iClay)(see Figure 6). This solution was in itself also an 
appropriate technological choice for the production of only four sets of glasses. 
 
Findings from the Deliver phase 
The prototypes were taken to an optical technician to fit the lenses. During this process, he 
evaluated the technical design and functionality of the frame. Although he did make a 
suggestion to increase the strength and reduce the flexibility of the frame material, the 
technician confirmed that the newly designed prototype frames could function as prescription 
eyewear frames since they enabled easy and secure fitment of the lenses. However, a problem 
that did arise was that the machines used during the lens fitment are manufactured in Europe 
and only accommodate ‘standard’ frame sizes. Due to the change in crest height, apical radius 
and bridge projection outside of the ‘standard’ parameter of the machines, the technician had 
to manually calculate the correct optical centre5 of the lenses. This provided more evidence 
                                                 
5 It is the central point of the lens through which a ray of light passes without suffering any deviation, resulting 
in the optimum point through which the eye should look to see clearly. 
Figure 6: 3D printed moulds were used to mould air-drying clay 
around temple tips 
that the inappropriateness of the ‘standard’ frame extended beyond the frames themselves into 
the broader socio-technical system of the SA eyewear industry. 
The overall response from the glasses wearers to the frame designs after wearing them for one 
week was positive. All the glasses wearers commented on how the frames better suited their 
faces and fitted more comfortably than their current frames. Further development and 
refinements are required in the nose pad area, but despite this, the prototype frames were 
significantly different from their current eyewear frames, especially at the nose bridge area and 
at the temple arm lengths. It would seem that these are key aspects for appropriate frame fitment 
for the diversity of the South African population. 
 
CONCLUSION AND RECOMMENDATIONS 
Although this study aimed to address the systemic challenges within the eyewear industry in 
South Africa, there were a few limitations that have to be acknowledged. The first was, that 
due to the complexity of the system it was impossible within the timeframe of the study to do 
in-depth research of the entire eyewear system. Additionally, there was a lack of rigorous data, 
requiring direct engagement with experts within the eye care field, as well as prescription 
glasses wearers. The qualitative nature of the study, therefore, necessitated a small sample 
group of participants so that the depth and complexity of their individual experiences were 
explored. The participants provided rich and meaningful information, but the data that was 
collected cannot be generalised. There is, therefore, an opportunity for further quantitative 
studies to generate more representative data. 
To answer this study’s central research question, an investigation of the South African eyewear 
socio-technical system was required. The design research process was guided by Appropriate 
Figure 7: Final frame prototypes 
Technology (Hazeltine & Bull, 2003; Akubue, 2000) and Human-Centred Design (IDEO, 
2012). Even with the above limitations, it became evident that locally available eyewear frames 
do not meet the needs of South African glasses wearers due to a problematic monopolisation 
of the market (structure). Eyewear, the business thereof and the standards attached to the 
industry are mainly designed from a Eurocentric perspective. Often these Eurocentric products 
are imported, by countries such as South Africa, which means that they seldom consider the 
different context in which they will be used. To design a product that would help someone to 
see better (task), it was important to understand the needs of both the people wearing glasses, 
as well as experts such as optometrists and optical technicians who work in the eye care 
industry (people). It became evident that not all of the socio-technical system complexities 
could be solved through a single outcome, therefore the needs of glasses wearers during the 
frame selection process were identified as the main intervention point. Relevant factors 
included aesthetic preferences, cost, fitment and eye health needs. Although influenced by 
socio-technical systemic complexities within the eyewear industry, each of these factors is 
unique to individual glasses wearers, which required an adaptable frame solution. Mass-
customisation and adaptable manufacturing methods were identified as ways to achieve such 
requirements (technology). By practically working with a group of eyewear experts and glasses 
wearers, a customisable frame design that better considers the social and technical needs of 
South African glasses wearers was locally produced. The practical development of glasses in 
this study highlighted the problem of technology transfer without consideration for local 
realities. It is the first stepping-stone in exploring the entire South African socio-technical 
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